Introduction {#section1-2382120520941822}
============

Every year, the number of medical students gradually increases within the United States^[@bibr1-2382120520941822]^ and often, first-year students find gross anatomy to be particularly challenging. Ongoing research on various educational techniques such as repeated and early intervention techniques that promote learning and retention in other disciplines has been well documented, but there are many unique challenges that are faced by medical programs or other institutions that offer gross anatomy laboratory classes. In addition, anatomical education has changed over the past decades. Since the 1990s, medical schools in the United States have revised their curricula toward a more student-centered instruction while reducing the time devoted to the anatomical sciences.^[@bibr2-2382120520941822][@bibr3-2382120520941822][@bibr4-2382120520941822][@bibr5-2382120520941822]-[@bibr6-2382120520941822]^ Many graduate programs offering cadaveric classrooms have followed this student-centered approach when teaching human anatomy. This puts additional pressure to identify methodologies that increase learning efficiency. In the 2014 survey of 55 graduate and medical programs within the United States, all programs indicated that they use cadavers as a primary instruction method in their gross anatomy class.^[@bibr5-2382120520941822]^ In addition, all programs have changed to either a partially or fully integrated curriculum connecting subjects such as neuroanatomy, gross anatomy, microscopy, and embryology.^[@bibr5-2382120520941822]^ Only 31 programs (56%) in the United States assess other competencies like professionalism, communication skills, and teamwork building.^[@bibr5-2382120520941822]^ In addition, many schools have moved away from lecture-based methods and some even completely eliminated traditional anatomy lectures.^[@bibr7-2382120520941822][@bibr8-2382120520941822][@bibr9-2382120520941822]-[@bibr10-2382120520941822]^ These changes have created challenges for anatomists to develop new strategies to teach human anatomy.^[@bibr5-2382120520941822]^

Within the medical field, educators have worked on implementing various assessment tools to not only improve student performance in anatomical courses but also to deepen their understanding and increase long-term retention of material.^[@bibr11-2382120520941822]^ Here, we describe the implementation of weekly table quizzes as an assessment tool. These oral quizzes between a facilitator and a group of 4 dissectors assess dissection quality while giving the opportunity to work with contextual information.

Retrieval practice {#section2-2382120520941822}
------------------

Scientific and educational literature agrees that frequent, interactive quizzing is related to improved student outcomes.^[@bibr12-2382120520941822],[@bibr13-2382120520941822]^ Regular assessments as an integral part in different learning environments engage students, enhance learning,^[@bibr14-2382120520941822]^ encourage them to stay motivated and review more often, enable student-teacher interactions,^[@bibr11-2382120520941822],[@bibr15-2382120520941822]^ and increase retrieval of knowledge. Karpicke^[@bibr16-2382120520941822]^ proposed that it is impossible to directly assess the contents of stored knowledge. One can only examine students' reconstructed knowledge.^[@bibr17-2382120520941822][@bibr18-2382120520941822]-[@bibr19-2382120520941822]^ In Karpicke study, 3 groups of students were given a scientific text and then exposed to different levels of rereading information or retrieving information. Results indicated that the group with the most active retrieval method produced the best long-term retention.^[@bibr16-2382120520941822]^ However, most students are unaware of using retrieval-based learning for enhancing their learning.^[@bibr20-2382120520941822]^ Several recent studies have shown that low-stakes quizzes that are interspersed in the course can serve as an effective tool for promoting retrieval practice.^[@bibr21-2382120520941822][@bibr22-2382120520941822]-[@bibr23-2382120520941822]^ Another study indicated that repeated recall in the classroom enhanced retention by more than 100% relative to not recalling them frequently.^[@bibr24-2382120520941822]^ These studies and other studies show that it is critical to practice retrieval for learning in the classroom.^[@bibr25-2382120520941822]^ Practicing the retrieval of knowledge through various exercises is a valuable skill for all students but does require time. However, with the decreased time devoted to the anatomical sciences, it remains questionable how feasible the implementation of this approach might be in a busy cadaveric classroom.

Feedback {#section3-2382120520941822}
--------

Regular effective evaluation in the classroom is also critical in promoting student learning. When comparing multiple-choice vs short-answer formats, studies indicate that regular short-answer quizzes paired with targeted instructor comments that we often define as instructor feedback are more effective in enhancing student learning rather than taking a multiple-choice format.^[@bibr26-2382120520941822],[@bibr27-2382120520941822]^ Most cadaver-based anatomy classes refer back to the use of multiple different active learning strategies in implementing problem-based learning, life models, radiological images, and laparoscopic views of the living body. Armbruster and colleagues^[@bibr28-2382120520941822]^ implemented active learning and student-centered pedagogy in an introductory biology class with the hope to improve student attitudes and performance. Results indicated that students performed better on final examinations when material was taught in an interactive form. Interactivity included emphasizing learning goals during lectures with clicker questions, weekly quizzes, group work, recitation, and outside class study groups. The weekly quizzes were considered a helpful lecture element and ranked third highest in helpfulness. These weekly quizzes were implemented to encourage students to keep up with the material and to provide feedback.^[@bibr28-2382120520941822]^ In addition, other literature has shown that weekly quizzes can help students to form links and relationships between clinical facts and other concepts.^[@bibr29-2382120520941822][@bibr30-2382120520941822][@bibr31-2382120520941822][@bibr32-2382120520941822]-[@bibr33-2382120520941822]^ However, in a shortened time devoted to the anatomical sciences and with a decrease in faculty and staff present in the laboratory, anatomy facilitators have faced problems incorporating this approach in providing frequent feedback.

Assessment-driven learning {#section4-2382120520941822}
--------------------------

Most cadaveric classrooms have shifted to an independent, self-directed learning environment in which students are required to link concepts on their own. This is particularly challenging if no lecture component is present. Weekly oral quizzes, as well as checklists, may provide discussion assessment-driven learning in the cadaveric classroom. Checklists have been used to evaluate learning in a gross anatomy laboratory to improve dissection quality and to assist students in improving learning outcomes and maintaining focus.^[@bibr34-2382120520941822]^ Halliday et al^[@bibr35-2382120520941822]^ implemented regular assessments into their medical school anatomy curricula to incentivize students to keep up with the material and provide students with regular checkpoints to assess their progress. In another study, students reported that they saw weekly assessment of their dissection as a "valuable and rewarding part of their anatomy course" and 64% of students agreed that the evaluation of their dissection in form of weekly quizzes helped them to use their laboratory time efficiently.^[@bibr36-2382120520941822]^ Nevertheless, more data are needed on this approach on how to effectively guide students in a more condensed cadaveric classroom environment.

Targeted intervention {#section5-2382120520941822}
---------------------

Predicting student outcomes and ultimately determining at-risk students has gained of great interest to provide sufficient help for students in need and ultimately increase student outcomes. Literature has looked into ways on how to identify students who are going to do poorly in a course early enough so remedial actions can take place.^[@bibr37-2382120520941822]^ An example of such is reported by Meier and colleagues^[@bibr37-2382120520941822]^ who created an algorithm that focuses on the past history of students' performance in a course and proposed that early in-class assessments such as quizzes would enable timely interventions by the instructor. Others have used personalized multiregression and matrix factorization approaches^[@bibr38-2382120520941822]^ or the analytics of using a digital textbook^[@bibr39-2382120520941822]^ to forecast student outcomes. The literature asks for more research on how to effectively intervene and help students in need in a timely manner.

Summary {#section6-2382120520941822}
-------

Although many studies have demonstrated the success of various supplemental materials in the cadaveric laboratory, it is important to continue to evaluate pedagogical methods and determine their benefits and implications. Student tendencies to focus on gaining rote knowledge and memorizing the material should be supplemented with active learning strategies to let them practice the retrieval of their knowledge and receive immediate feedback on their progress. Students enrolled in a dissection course without a lecture component, as described in this study, may be in particular need of active learning to guide and encourage their independent study. The aim of this study was to investigate the relationship between uniquely structured weekly table quizzes and the overall student outcomes in a graduate biomedical human dissection class as well as examine the benefits for faculty and staff of this approach in predicting student outcomes. The data from weekly table quizzes described in this study may further support the literature in examining the advantages of frequent assessment, feedback, and guidance in a cadaveric laboratory.

Materials and Methods {#section7-2382120520941822}
=====================

Ethical approval {#section8-2382120520941822}
----------------

This study was reviewed by the Institutional Review Board at Colorado State University and did not require approval because it did not involve intervention or interaction with the individual or identifiable private information (45CFR46.1029(f)).

Student cohort {#section9-2382120520941822}
--------------

For this study, the sample is composed of students who were enrolled in the graduate human gross anatomy dissection class at Colorado State University ([Table 1](#table1-2382120520941822){ref-type="table"}). Thus, all registered students were part of this study and therefore formed an opportunity sample. In the fall 2013, 46 students were admitted to the class. In the fall 2012, 2015, and 2016, 48 students each were enrolled in the class and in 2017, 55 students. The age range of the participants was between 20 and 35 years. Undergraduate students with a major in biomedical sciences, biology, or health and exercise sciences made up one third of the class. The other two thirds of the class were graduate students enrolled in the 1-year master's program in biomedical sciences. Each semester, approximately 1 to 2 graduate students from a toxicology master's program were enrolled as well. Every semester, the class was composed of approximately half female and half male students. Transcripts were reviewed before enrollment, and these showed that all students began the class with a diverse background in human anatomy. Approximately half of the students were previously enrolled in an undergraduate prosection gross anatomy course. The remainder of the student cohort had no sufficient anatomy knowledge and were recommended to take an undergraduate prosection gross anatomy class prior to enrollment or concurrently. The cadaveric prosection course provided a lecture component that is beneficial to students without an anatomy background.

###### 

Population characteristics.

![](10.1177_2382120520941822-table1)

  Years            2012                                              2013   2015   2016   2017
  ---------------- ------------------------------------------------- ------ ------ ------ ------
  \# of students   48                                                46     48     48     55
  Age range        20-35 years                                                            
  Enrollment       1/3rd undergraduate and 2/3rd graduate students                        

Population characteristics from the years of 2012, 2013, 2015, 2016, and 2017 with number (\#) of students, age range, and enrollment.

Course structure and grading {#section10-2382120520941822}
----------------------------

Students enrolled in graduate human gross anatomy dissection worked in groups of 4 to dissect a human cadaver over the course of a 16-week semester. The individual groups were formed based on students' self-selection. Each group was assigned to a specific cadaver on the first day of classes and was required to follow regional dissection blocks to finish the dissection by the end of the semester. Each dissection block was 4 weeks long and incorporated 3 weekly quizzes, termed table quizzes, and 1 laboratory examination that tested student knowledge. However, the first dissection block was only composed of 2 table quizzes due to timing between the start of the semester and the first examination. The 4 examinations comprised 80% of the students' final grade and table quizzes comprised the remaining 20%. At the end of the semester, students were allowed to drop 1 (lowest) weekly table quiz grade. The course comprised solely laboratory instruction time, with no lecture component. The course was scheduled 3 times a week for 3 hours in the afternoon. During this time, students dissected with the presence of 2 professors, 1 instructor, and up to 5 teaching assistants. In addition, the students were required to work on their cadavers outside of class to finish the dissection that was required for each week. Because there was no lecture component for this course, the students were required to work with *Grant's Dissector*^[@bibr40-2382120520941822]^ and the *Atlas of Human Anatomy*.^[@bibr41-2382120520941822]^ Weekly dissection guides of 2 to 3 pages supplemented the available resources, outlining highlights of the related week. Similar details on the course design and dissection have been described by Nwachukwu and colleagues.^[@bibr36-2382120520941822]^ As stated, students who did not have sufficient anatomy knowledge were also required to enroll in the undergraduate prosection class which was composed of 3 1-hour lectures on Mondays, Wednesdays, and Fridays, as well as a prosection-based laboratory component once a week for 3 hours.

Cadaveric dissection {#section11-2382120520941822}
--------------------

Embalmed cadavers were received from the State Anatomical Board, an agency based out of the University of Colorado at Denver and the Health Sciences Center. Each year, 12 to 14 cadavers were used for the dissection course. Around 10 dissected cadavers from the previous year were used for the prosection gross anatomy course on campus and also served as an important tool to guide the students in their dissection. The dissection class was organized into 4 blocks with a focus on the lower limb, thorax/abdomen/pelvis, head/neck, and upper limb. Because the anatomical areas varied in size, difficulty, and detail, it was required that the students equally contribute to the dissections outside of class among their group.

Laboratory examinations and weekly table quizzes {#section12-2382120520941822}
------------------------------------------------

To assess student knowledge in human anatomy, faculty, staff, and graduate teaching assistants tagged anatomical structures on the cadavers students were working on for the laboratory examinations. A total of 80% to 90% of the tagged structures required identification, whereas 10% to 20% focused on application of knowledge. Preference in choosing examination questions was given to structures from the *Grant's Dissector*^[@bibr40-2382120520941822]^ or *Atlas of Human Anatomy*^[@bibr41-2382120520941822]^ and those that have clinical relevance. These examinations were facilitated in an individual and written format. In addition to the laboratory examinations, table quizzes were implemented to primarily assess dissection quality. The goal for these weekly table quizzes was to monitor dissection quality and to ensure that students were able to identify anatomical structures as well as add contextual information (eg, relevant innervation and blood supply). While this exercise enhanced communication within the small group of dissectors, it also provided the instructors with the opportunity to informally assess individual and group understanding. These table quizzes were composed of 10 structures relevant to the current unit and took place on Monday of each week, testing the material from the previous week. Each question in these assessments was equally worth 10% of the maximum 5 points for the quiz. On alternating weeks, the table quizzes included an extra credit question which was worth 0.5 points. The example table quiz in [Table 2](#table2-2382120520941822){ref-type="table"} illustrates a typical set of structures within the thigh and gluteal region of the lower limb dissection unit. Every week, in preparation for the table quiz, faculty and staff would meet and discuss relevant structures to determine the components of each table quiz. The instructors chose a combination of muscles, arteries, nerves, ligaments, or other important structures in that region that was also described in the *Grant's Dissector*^[@bibr40-2382120520941822]^ or *Atlas of Human Anatomy*.^[@bibr41-2382120520941822]^ Additional questions as well as requirements for receiving credit for each structure were discussed and noted during those meetings. The notes taken during those meetings formed a base for conversations between faculty and students during the weekly table quizzes and outlined information in each rubric (example illustrated in [Table 3](#table3-2382120520941822){ref-type="table"}). These meetings were crucial to ensure objectivity of assessments. Frequently, graduate teaching assistants paired with faculty and staff to assist with this assessment. This assessment tool required the students to clearly identify anatomical structures, trace them, and know important characteristics about the structures, such as origin and insertion of a muscle or terminal branches of a vessel or nerve. However, during early implementation in 2012, the table quizzes solely focused on identification and dissection quality of the observed structures. In an effort to constantly improve pedagogical technique, second- and third-order questions were added in 2013 to increase the depth of knowledge tested with this assessment tool.

###### 

Example table quiz within lower limb dissection block.

![](10.1177_2382120520941822-table2)

  ------------------------------------------------------------------------------------------------------------------------
  Structures 1-5                                                             Structures 6-10
  -------------------------------------------------------------------------- ---------------------------------------------
  1\. Transverse branch of lateral circumflex femoral artery (0.5 points)\   6\. Sciatic nerve (0.5 points)\
  2. Superior lateral geniculate artery (0.5 points)\                        7. Vastus medialis muscle (0.5 points)\
  3. Long head of biceps femoris muscle (0.5 points)\                        8. Gluteus medius muscle (0.5 points)\
  4. Obturator nerve (0.5 points)\                                           9. Superior gluteal nerve (0.5 points)\
  5. Lateral femoral cutaneous nerve (0.5 points)                            10. Obturator internus muscle (0.5 points)\
                                                                             Extra credit: pes anserine (0.5 points)

  ------------------------------------------------------------------------------------------------------------------------

List of example anatomical structures chosen for a table quiz within the lower limb dissection block. All 10 questions were worth each 0.5 points with a total of 5 points. On alternating weeks, an extra credit structure was given which increased the total to 5.5 points.

###### 

Table quiz rubric.

![](10.1177_2382120520941822-table3)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Muscle\                                                                   Artery/vein\                                   Nerve\                                     Ligament\
  Requirement                                                               Requirement                                    Requirement                                Requirement
  ------------------------------------------------------------------------- ---------------------------------------------- ------------------------------------------ --------------------------------------
  Intact throughout region                                                  Intact throughout region                       Intact throughout region                   Intact throughout region

  Free from fascia/surrounding tissues                                      Free from fascia/surrounding tissues           Free from fascia/surrounding tissues       Free from fascia/surrounding tissues

  Origin and insertion visible                                              Traceable through entire region                Traceable through entire region            Attachment points visible

  Muscle striations and borders visible                                     Muscular branches visible                      If applicable: muscular branches visible   

  If applicable: complete reflection according to weekly dissection guide   If a branch: root and other branches visible                                              
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Rubric was used during table quizzes for grading purposes. Muscles, arteries and veins, nerves, and ligaments had requirements that needed to be checked during the table quizzes. Full points were given when all requirements were completed. No partial credit was given.

The process of the weekly oral table quizzes began with the evaluator giving students a structure to identify and giving them 1 minute of small group discussion. No learning cues were given throughout this time. The students used that time to share their knowledge with each other and find the anatomical structure on their cadaver. Providing the group time to work collaboratively was important to give each person an equal opportunity to contribute detailed knowledge. Following this discussion time, the evaluator checked the identified structure. In addition, the group had to answer verbal questions from the evaluator which was not a structured part of this assessment. The grading criteria focused on an assessment of the quality of the dissection. If the entirety of the structure was clearly distinguishable from surrounding structures and fascia was appropriately removed, the group received the points ([Table 3](#table3-2382120520941822){ref-type="table"}). Even though the quality of the dissection determined the grade received for the table quiz, the evaluator also posed critical thinking questions to interact with the students and create a learning environment. For example, the following questions would be asked for the first structure (transverse branch of lateral circumflex femoral artery) as seen in [Table 2](#table2-2382120520941822){ref-type="table"}:"What area does this artery supply blood to? Where does this artery branch off from? What are other named branches of the same artery? Are there any existing anastomoses?"

This verbal interaction was implemented to test student knowledge besides the dissection quality as no lecture component provided additional learning opportunities and students were required to independently draw connections between structures. Because students' knowledge varied throughout the cohort, the additional questions asked differed between each dissection group. A discussion of structural relationships and oral questions resulted in a student-teacher interaction and feedback of approximately 20 to 25 minutes during each table quiz. Feedback was provided immediately after each structure ensuring immediate understanding of the material. In addition, each individual student was given the opportunity to communicate with the instructor and work through follow-up questions. Instructors ensured everyone within the small group participated and contributed to the group grade. This approach allowed the assessment of collaborative as well as individual effort. To make this process more efficient, faculty and staff alternated between groups to interact with 1 group while another group was working independently to discuss the anatomical structure. This allowed each group time to work independently and to work with the instructor on critical thinking questions, making this process more feasible in a busy cadaver laboratory. Group performances were recorded of a total of 5 points in form of grades in an online learning management system (Canvas).

Data analysis {#section13-2382120520941822}
-------------

After the grades were collected through the online learning management system (Canvas), the table quiz grades were compared with the laboratory examination scores. For each student, table quiz grades within 1 dissection block were averaged. The averaged table quiz grades were correlated to the relevant laboratory examination score for each individual student. Linear regression was performed in Microsoft Excel (Microsoft, Redmond, WA). In this study, it was used to make a prediction and examine the relationship between table quizzes and examinations. Linear regression was performed in live time after each examination. This analysis allowed the facilitators to predict student outcomes and intervene within their progress to increase student success in the class. All grades were considered in this study, and statistical significance was set at the 0.01 level. Because the residuals were approximately normally distributed, Pearson parametric correlation was used to analyze the data. The regression coefficients *R*^2^ and *P* values for the years 2012, 2013, 2015, 2016, and 2017 were recorded. The data from the fall 2014 were corrupted and thus were not part of this study. The regression analyses allowed for longitudinal comparison of the effectiveness of table quizzes at improving student learning and dissection quality across multiple years.

Results {#section14-2382120520941822}
=======

Quantitative analysis of student grades revealed a statistically significant positive relationship between the averaged table quiz grades and the student examination scores in 2013, 2015, 2016, and 2017 ([Table 4](#table4-2382120520941822){ref-type="table"}). The number of data points (observations) varied in each year due to the change in enrollment. Linear regression provides a visual appreciation of the association between improvement in table quiz grades and increased examination scores ([Figures 1](#fig1-2382120520941822){ref-type="fig"}[](#fig2-2382120520941822){ref-type="fig"}[](#fig3-2382120520941822){ref-type="fig"}[](#fig4-2382120520941822){ref-type="fig"}-[5](#fig5-2382120520941822){ref-type="fig"}).

###### 

Results from regression analysis from 2012, 2013, 2015, 2016, and 2017.

![](10.1177_2382120520941822-table4)

  Years          2012       2013[\*](#table-fn4-2382120520941822){ref-type="table-fn"}   2015[\*](#table-fn4-2382120520941822){ref-type="table-fn"}   2016[\*](#table-fn4-2382120520941822){ref-type="table-fn"}   2017[\*](#table-fn4-2382120520941822){ref-type="table-fn"}
  -------------- ---------- ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------
  *P* values     .8774      \<.001                                                       .0057                                                        \<.0001                                                      \<.0001
  *R* ^2^        0.0008     0.1191                                                       0.0395                                                       0.2137                                                       0.2130
  Observations   192        184                                                          192                                                          192                                                          220
  Range TQ       45-103.4   45-103.4                                                     70-108                                                       40-108                                                       40-110
  Range E        34-100     44-102                                                       56-102                                                       66-102                                                       54-102

Summary of regression analysis is shown in [Figures 1](#fig1-2382120520941822){ref-type="fig"} to [5](#fig5-2382120520941822){ref-type="fig"}. *P* values determined the significance of the comparison of averaged weekly table quizzes and examination scores in 2012, 2013, 2015, 2016, and 2017. Statistically significant years with *P* \< .01 were indicated with \*. *R*^2^ values indicated how close the data were to the fitted regression line. The observations included 4 averaged table quizzes, each compared with the respective unit examination scores for each student in that year. In 2012, 2015, and 2016, 48 students were enrolled. In 2013, 46 students and in 2017, 55 students. The range of the averaged table quiz scores (TQ) and examination scores (E) varied throughout the years and is indicated in percent from lowest to highest (%).

![Linear regression analysis 2012. Regression analysis comparing averaged table quiz scores and examination scores in each dissection unit in 2012. The maximum score (100%) of each table quiz was 5 and 5.5 with the extra credit question. The maximum score (100%) of each examination was 50 points and 51 points including the extra credit question. Each student is represented 4 times in this figure due to the 4 dissection blocks. In this year, 48 students were enrolled in the class resulting in 192 grades.](10.1177_2382120520941822-fig1){#fig1-2382120520941822}

![Linear regression analysis 2013. Regression analysis comparing averaged table quiz scores and examination scores in each dissection unit in 2013. The maximum score (100%) of each table quiz was 5 and 5.5 with the extra credit question. The maximum score (100%) of each examination was 50 points and 51 points including the extra credit question. Each student is represented 4 times in this figure due to the 4 dissection blocks. In this year, 46 students were enrolled in the class resulting in 184 grades.](10.1177_2382120520941822-fig2){#fig2-2382120520941822}

![Linear regression analysis 2015. Regression analysis comparing averaged table quiz scores and final examination scores in each dissection unit in 2015. The maximum score (100%) of each table quiz was 5 and 5.5 with the extra credit question. The maximum score (100%) of each examination was 50 points and 51 points including the extra credit question. Each student is represented 4 times in this figure due to the 4 dissection blocks. In this year, 48 students were enrolled in the class resulting in 192 grades.](10.1177_2382120520941822-fig3){#fig3-2382120520941822}

![Linear regression analysis 2016. Regression analysis comparing averaged table quiz scores and final examination scores in each dissection unit in 2016. The maximum score (100%) of each table quiz was 5 and 5.5 with the extra credit question. The maximum score (100%) of each examination was 50 points and 51 points including the extra credit question. Each student is represented 4 times in this figure due to the 4 dissection blocks. In this year, 48 students were enrolled in the class resulting in 192 grades.](10.1177_2382120520941822-fig4){#fig4-2382120520941822}

![Linear regression analysis 2017. Regression analysis comparing averaged table quiz scores and final examination scores in each dissection unit in 2017. The maximum score (100%) of each table quiz was 5 and 5.5 with the extra credit question. The maximum score (100%) of each examination was 50 points and 51 points including the extra credit question. Each student is represented 4 times in this figure due to the 4 dissection blocks. In this year, 55 students were enrolled in the class resulting in 220 grades.](10.1177_2382120520941822-fig5){#fig5-2382120520941822}

In 2013, linear regression of the data showed a regression coefficient *R*^2^ of 0.1191, *P* \< .001. In that year, 46 students were enrolled which resulted in a recording of 184 grades across all 4 dissection units. The data points from the averaged table quizzes ranged from 2.25 to 5.17 points (45%-103.4%) and the examination scores ranged from 22 to 51 points (44%-102%). Linear regression of 2015 data showed an *R*^2^ of 0.0395, *P* \< .0057, with an enrollment of 48 students that year and a collection of 192 grades. Range of averaged table quiz scores was 3.5 to 5.4 points (70%-108%) and 28 to 51 points (56%-102%) for examination scores. 2016 data showed an *R*^2^ of 0.2137, *P* \< .001. The enrollment of students was 48 with a collection of 192 grades. The averaged table quiz scores ranged from 2 to 5.34 points (40%-108%), and the examination scores were in between 33 and 51 points (66%-102%). Finally, the 2017 data had an *R*^2^ of 0.21304, *P* \< .001, with 55 students enrolled that year and a collection of 220 grades. The range of averaged table quiz scores was 2 to 5.5 points (40%-110%), and the range of examination scores was 27 to 51 points (54%-102%).

Data analyzed from grades collected in 2012 showed no significant relationship. *R*^2^ from 2012 was 0.0001, *P* = .8774. In that year, 48 students were enrolled, and 192 grades were collected. The averaged table quiz scores ranged from 2.25 to 5.17 points (45%-103.4%) and the examination scores ranged from 17 to 50 points (34%-100%).

As mentioned previously, the range of averaged table quiz scores varied throughout the years. The data from 2012 and 2013 showed that the range of averaged table quiz scores is the same for those 2 years (58.4%). Surprisingly, the range in 2015 decreased (38%) and increased again in 2016 (68%) with 2017 representing the biggest range (70%). In 2015, students performed better on table quizzes which resulted in this narrow range of data points. The range of examination scores decreased over the years from 2012 (66%) to 2016 (36%). In 2017, however, the range was again the biggest (66%).

An analysis of the means of all table quizzes combined and all examination scores for each year revealed lower means for examination scores than table quizzes for 2012 and 2015 ([Figure 6](#fig6-2382120520941822){ref-type="fig"}) indicating that students performed better on table quizzes when compared with examination scores. The reversed relationship was observed in 2013, 2016, and 2017 showing that students performed better on examinations than on table quizzes. The highest mean was found in 2015 (92.483%) for the table quizzes and the lowest in 2013 for table quizzes (78.140%).

![Table quiz and examination score means from 2012, 2013, 2015, 2016, and 2017. Statistical analysis comparing means of all table quizzes and examination scores for each year ± standard deviation. The first bar of each color represents the mean for table quizzes (TQ), whereas the second bar illustrated the mean of all examination scores (E).](10.1177_2382120520941822-fig6){#fig6-2382120520941822}

Discussion {#section15-2382120520941822}
==========

In this study, the results indicate that there is a positive relationship between the table quizzes and the laboratory examination scores in the graduate-level human dissection course in the years of 2013, 2015, 2016, and 2017. Surprisingly, 2012 did not indicate a significant correlation between the 2. Throughout the table quizzes in 2012, faculty and staff solely focused on identification and dissection quality of the observed structures using no specific grading rubric. The table quizzes took around 10 minutes and did not include an oral component because the students simply had to point to the anatomical structures. Beginning with 2013, faculty and staff added application questions to create a dialogue and feedback between students and faculty. This adjustment and creation of a more active learning environment may have resulted in the observed positive relationship in future years which is supported by the literature.^[@bibr12-2382120520941822],[@bibr13-2382120520941822],[@bibr28-2382120520941822][@bibr29-2382120520941822][@bibr30-2382120520941822][@bibr31-2382120520941822][@bibr32-2382120520941822][@bibr33-2382120520941822]-[@bibr34-2382120520941822]^ Because the instructors have changed minimally over the years, the stronger correlations in later years may be explained by the instructors improving their skills regarding the table quizzes and their communication with the students. One critical component of this improvement was changing the table quizzes to a more conversation-based assessment and increasing the duration to 20 to 25 minutes with each group. Other studies also support the benefits of immediate feedback and have shown that this can result in a higher performance and affect retrieval of information.^[@bibr26-2382120520941822][@bibr27-2382120520941822][@bibr28-2382120520941822][@bibr29-2382120520941822][@bibr30-2382120520941822][@bibr31-2382120520941822][@bibr32-2382120520941822]-[@bibr33-2382120520941822]^ Active learning is more engaging than memorization which might aid in understanding the presented anatomical material on a deeper level.^[@bibr42-2382120520941822],[@bibr43-2382120520941822]^

In our course, we let students self-select their groups which may have had an impact on how thoroughly they dissect. This also may have influenced the overall mean table quiz and examination scores for each of the years as seen in [Figure 6](#fig6-2382120520941822){ref-type="fig"}. Literature suggests that students generally perform better on group examinations than during individual testing circumstances.^[@bibr44-2382120520941822][@bibr45-2382120520941822]-[@bibr46-2382120520941822]^ This is supported by our data from 2012 and 2015. In addition, it is possible that high stakes and high point totals of individual examinations could have affected the different total mean scores.

Strategies to increase active learning in a gross anatomy laboratory and other scientific classes, such as frequent quizzes, have previously been shown to be successful.^[@bibr12-2382120520941822],[@bibr13-2382120520941822],[@bibr28-2382120520941822][@bibr29-2382120520941822][@bibr30-2382120520941822][@bibr31-2382120520941822][@bibr32-2382120520941822][@bibr33-2382120520941822]-[@bibr34-2382120520941822],[@bibr47-2382120520941822]^ One particular study focused on a cadaveric classroom and showed a similar positive correlation between the dissection assessment and the final course grades.^[@bibr36-2382120520941822]^ However, this previous study focuses mainly on dissection quality and not on higher order thinking and anatomical knowledge gained through the weekly quizzes or on how to use this information for targeted intervention. The current study supports these findings while further developing the benefits of this assessment tool. The visual representation of the data ([Figures 1](#fig1-2382120520941822){ref-type="fig"}[](#fig2-2382120520941822){ref-type="fig"}[](#fig3-2382120520941822){ref-type="fig"}[](#fig4-2382120520941822){ref-type="fig"}-[5](#fig5-2382120520941822){ref-type="fig"}) aids in tracking student progress and predicting student outcomes throughout the semester which has previously been shown to help identify at-risk students.^[@bibr37-2382120520941822][@bibr38-2382120520941822]-[@bibr39-2382120520941822]^ Performing regression analysis after the first examination was especially helpful as faculty and staff were able to evaluate the students' progress and provide early help if necessary. Teaching assistants were assigned to give additional instruction to groups who performed poorly on weekly table quizzes. The weekly examination of dissection quality and assessing student knowledge may be a way of using the given laboratory time effectively in getting to know the students and intervene during their learning progress if necessary.^[@bibr37-2382120520941822][@bibr38-2382120520941822]-[@bibr39-2382120520941822]^ In addition, the weekly quizzes enabled the students to practice retrieval and recall anatomical structures and content within the classroom as supported by the literature.^[@bibr21-2382120520941822][@bibr22-2382120520941822][@bibr23-2382120520941822][@bibr24-2382120520941822]-[@bibr25-2382120520941822]^ These table quizzes also encouraged students to keep up with the material and stay motivated throughout the semester. While not formally assessed, the oral component served as feedback that played a critical role in enhancing student learning as supported by previous studies.^[@bibr26-2382120520941822],[@bibr27-2382120520941822],[@bibr48-2382120520941822],[@bibr49-2382120520941822]^ Oral examinations can serve as a reliable and objective means to monitor students' progress in a cadaveric anatomy course.^[@bibr50-2382120520941822]^ According to Johnson and colleagues,^[@bibr51-2382120520941822]^ the supplementation of oral quizzes improved student learning in a laboratory dissection class. These examinations during the dissection served as "spot checks" on anatomical areas which were followed by faculty advice on how to improve and maintain focus.^[@bibr51-2382120520941822]^ This and other studies reported that the implementation of those assessments keep students motivated and guide them throughout their dissection.^[@bibr52-2382120520941822]^

Students in this study were required to learn a lot of information in a short amount of time with no lecture component associated with this course, and it was critical that faculty create an active learning environment to engage students. Frequently, students in a self-directed learning situation feel overwhelmed and are less likely to find learning strategies on their own.^[@bibr53-2382120520941822]^ The course described in this study is primarily self-directed instruction and the weekly table quizzes are an important activity to engage students in active learning. This form of assessment is similar to the previously described spaced practice during which the content of 1 dissection unit is spaced out over time and tested throughout the unit instead of only at the end.^[@bibr54-2382120520941822],[@bibr55-2382120520941822]^ In addition to the retention of knowledge gained through weekly table quizzes, the dissection process may have enhanced student technical skills as described previously.^[@bibr36-2382120520941822]^

Limitations of this study {#section16-2382120520941822}
-------------------------

To determine whether the table quizzes have an impact on the students' learning and knowledge retention, it would be beneficial to formally assess the oral component of this assessment tool. This study only demonstrated an increase in examination scores based on dissection quality. Analyzing the higher order thinking questions posed during the student instructor interactions might contribute in determining whether students retained the material and whether it increased their knowledge in human anatomy. Another potential limitation of this study is the lack of a control group. It would be beneficial to compare a group of students exposed to table quizzes and examinations with a group of students only taking examinations. However, eliminating table quizzes for a group of students would prevent faculty from using this quiz as an early gauge of student progress. In this course, the instructors used the table quizzes not only to prepare the students for their upcoming examination but also to interact with the students and recognize weaknesses. Before the table quizzes were implemented, instructors would solely focus on the first examination grade to recognize and reach out to academically at-risk students. While not a formal purpose of this assessment, it has proved invaluable in allowing faculty to intervene for students who are struggling with the material prior to receiving a failing grade on the first examination. As such, it would be difficult in the current course setup to create a control group without sacrificing student performance.

Another limitation of this study is that statistical analysis revealed a regression coefficient of no more than 21%, indicating that this model needs improvement. Comparing averaged table quiz and final examination scores shows a potentially beneficial correlation but does not directly imply a causal link between improved table quiz scores and examination scores. It is difficult to capture the complexities leading to student examination success. Motivation, time spent dissecting, and understanding of dissection guides were not directly measured in this study. For example, a student who may have done poorly during table quizzes may make up for their individual final examination grades through increased study efforts. In addition, it is important to keep the grading throughout the table quizzes as objective as possible. The subjectivity of faculty and staff was controlled through a set rubric but ultimately may have influenced group table quiz scores.

Future direction {#section17-2382120520941822}
----------------

The research team hopes to continue the implementation of this assessment tool in the dissection classroom, to adjust specific delivery methods, to analyze the results, and to ultimately improve human anatomy instruction. To better assess this method, it is essential to gather qualitative data on how the students perceive the table quizzes throughout the semester. This type of data could strengthen the usage of table quizzes in the gross anatomy laboratory. In addition, focusing on the oral component of the table quizzes could reveal more aspects beneficial for teaching in the cadaveric laboratory as well as an opportunity to formally assess student knowledge. In the future, student success and feedback will continue to drive innovation in identifying distinct learning methods for optimal knowledge acquisition.

Conclusions {#section18-2382120520941822}
===========

Educational research in anatomical sciences indicates that assessment tools not only enhance a positive laboratory experience but also provide students with direction and guidance while working with their cadavers during their laboratory time.^[@bibr51-2382120520941822],[@bibr56-2382120520941822]^ While current literature supports the use of assessment tools, further studies are needed to demonstrate the effectiveness of these educational tools in cadaveric laboratories. Thus, this longitudinal study of implementing oral table quizzes over 5 years helps to support the usage of assessment tools in all cadaveric laboratories that evaluate dissection quality. The unique nature of the table quizzes provided the students with the opportunity to practice the retrieval of their knowledge and feel more guided throughout their dissection. In addition, they were able to interact with faculty and staff and receive immediate feedback on performance throughout the course. This approach creates the opportunity for facilitators to assess dissection quality while giving them the opportunity to introduce higher order questions.

This approach may be useful for instructors teaching human anatomy in a stand-alone laboratory setting without a lecture component and for instructors seeking ways to work more closely with their students. In addition, this assessment tool might contribute in filling the gap of incorporating active learning strategies in a busy cadaveric laboratory.

The materials in this article have previously been presented in form of a poster presentation at the conference of the American Association of Clinical Anatomists in July 2017. The abstract was published in Clinical Anatomy.
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